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RexX4(pu-dppm)2 (X = Cl, Br; dppm =
Ph,PCH,PPh,) with Isocyanides.
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Introduction

The reactions of the dirhenium(ll) synthonsRe(u-dppm}
(X = ClI, Br; dppm= Phb,PCH,PPh) with various combinations

of CO and organic isocyanide ligands have led to several series
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Chart 1. Isomers of [ReX3(u-dppm)(CO)(CNRY]*
Cations (X= ClI, Br; R = Xyl) 1-62
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aThis is the most likely structure based upon its spectroscopic

of bioctahedral complexes which have structures based uponproperties and chemical reactivity.
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chair conformations for an Mu-dppm} unit have been
structurally characterizetl.

Experimental Section

Starting Materials and General Procedures. The com-
plexes [Re(u-Br)(u-dppm}Br(CO)(CNXyl).]Y (Y = OsSCH;,
5a (chair)bd(boat); Y = PFs, 5b(chair)bb'(boat)) were pre-
pared by the previously described literature procedures, with

geometries. In some instances, structural isomers have beefne se of R&Br4(1-dppmy(CO)(CNXyl) and [ReBra(u-dppm}-
isolated, the most striking instances being in the case of the (CO)(CNXyN]Y as starting materias. The compound j{5-

salts of the [ReXs(u-dppm)(CO)(CNXyl)]* cations (Xyl=

CsHs),Fe]PR was prepared by the literature mettfadhile (75

2,6-dimethylphenyl), which have been identified in at least six C<Hs),Co was purchased from the Aldrich Chemical Co.

different structural forms (Chart )7 The identity of all but
one of these (structu® have been confirmed by single-crystal

Solvents were obtained from commercial sources and were
deoxygenated by purging with dinitrogen prior to use. All

X-ray structure determinations. During the course of our studies (sactions were performed under an atmosphere of dry dinitrogen.

on the synthesis and characterization of the dirhenium cé&tion
(X = Br), which we isolated as its 33CRk~ and Pk~ salts®

Infrared spectralH and 3'P{1H} NMR spectra, and cyclic
voltammetric measurements were determined as described

we obtained spectroscopic evidence for the existence of thispreviously?o Elemental microanalyses were carried out by Dr.

complex in two very similar structural forms. One of these
was characterized by X-ray crystallograghyte other was not.
Further studies ob have now established that preparative
samples of its @SCR~ and Pk~ salts consist of a mixture of

H. D. Lee of the Purdue University Microanalytical Laboratory.
A. Synthesis of Re(u-Br) 2(u-dppm).Br(CO)(CNXyl) 2, 7.

A sample of5a (120 mg, 0.0659 mmol) was treated withP{

CsHs)»Co (12.5 mg, 0.0661 mmol) in 15 mL of dichloromethane

two isomers with the same basic structure as that depicted ing¢ o5°c A color change of the solution from red-brown to

Chart 1, but which differ in possessing either a boat or a chair

conformation for the Rg€u-dppm) unit. As far as we are aware,

this system constitutes the first in which isomers with boat and

(1) Part 15. Wu, W.; Fanwick, P. E.; Walton, R. A.Cluster Sci1997,
8, 547.

(2) Wu, W.; Fanwick, P. E.; Walton, R. AOrganometallics1997, 16,
1538.

(3) Anderson, L. B.; Cotton, F. A.; Dunbar, K. R.; Falvello, L. R.; Price,
A. C.; Reid, A. H.; Walton, R. Alnorg. Chem.1987, 26, 2717.

(4) Wu, W.; Fanwick, P. E.; Walton, R. Anorg. Chim. Actal996 242,
81.

(5) Wu, W.; Fanwick, P. E.; Walton, R. Al. Cluster Sci1996 7, 155.

(6) Wu, W.; Fanwick, P. E.; Walton, R. Anorg. Chem1996 35, 5484.

(7) Wu, W.; Fanwick, P. E.; Walton, R. A. Am. Chem. S0d.996 118,
13091.

green was observed within 5 min of mixing. The resulting
solution was stirred for a total of 30 min to ensure the
completion of the reaction. The reaction mixture was then
filtered to remove any insoluble material, and the volume of
the green filtrate was reduced 2 mL. An equal volume of
diethyl ether ¢2 mL) was added to induce precipitation of{
CsH5)2C0o]OsSCHRs.  This pale yellow byproduct was filtered off
and the filtrate evaporated under a stream of dinitrogen. The

(8) For a preliminary report, see: Wu, W.; Fanwick, P. E.; Walton, R. A.
J. Chem. Soc., Chem. Commun97, 755.
(9) Woodhouse, M. E.; Lewis, F. D.; Marks, T. J. Am. Chem. Soc.
1982 104, 5586.
(10) Wu, W.; Fanwick, P. E.; Walton, R. Anorg. Chem1995 34, 5810.
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titte complex7 was collected as a green solid, washed with confirmed by the successful solutions and refinements of the
diethyl ether (3x 5 mL), and dried under vacuum. Yield, 94 structures. Hydrogen atoms in both structures were calculated
mg (85%). Anal. Calcd for ggHeBrsN,OPsRe: C, 49.59; using idealized geometries with-8 = 0.95 A andU =

H, 3.73; N, 1.68. Found: C, 49.21; H, 3.65; N, 1.48. IR ( 1.3UeC). Their contributions were added to the structure factor
cm™1): 2050 (sh), 2012 (s), 1919 (s, br), 1858 (vs). The cyclic calculations, but their positions were not refined. Corrections

voltammogram of a solution afin 0.1 M n-Bus;NPFR—CH,Cl, for anomalous scattering were applied to all refined atoms in
was identical to that 06. both structures?
B. Oxidation of 7 to 5b. A sample of7 (42.0 mg, 0.0251 The structure obb was solved by a combination of direct

mmol) in 10 mL of dichloromethane was treated with 9.0 mg methods (DIRDIF 92f and difference Fourier analyses. During
of [(17°-CsHs).Fe]PF (0.027 mmol) and the mixture stirred at the course of the structure analysis, a disorder between the
25°C for 1 h. The reaction mixture was reduced in volume to terminal CO and Br ligands associated with Re(1) was found.
~1 mL, and 15 mL of diethyl ether was added slowly with This disorder is about a pseudo-2-fold axis along the-Re
stirring to induce precipitation of the red-brown prodidt, bond axis. A 50/50% disorder model was refined satisfactorily
which was filtered off, washed with diethyl ether {35 mL), for this structure. Two molecules of GAI, from the crystal-
and dried under vacuum. Yield, 41.5 mg (91%). The identity lization solvent were found cocrystallized withb in the
of this product was based on a comparison of its spectroscopicasymmetric unit. They were included in the analysis and refined
properties with those of an authentic sanfple. satisfactorily. Two carbon atoms, C(10) and C(125) and the
C. Conversion of 58 (Boat Conformer) to 5b (Chair atoms of the disordered CO ligand were refined isotropically.
Conformer). A solution of 5b' (20.0 mg) in 5 mL of The remaining non-hydrogen atoms were refined with aniso-
dichloromethane was stirred at room temperature for 96 h. The tropic thermal parameters. The structure was refined in full-
solvent was evaporated under a stream of dinitrogen and thematrix least squares where the function minimized Wwas|F|2

residue ofbb washed with diethyl ether (3 3 mL) and dried — |F¢|®2. The weighting factow is defined asv = 1/[03(Fo?)
under vacuum. Yield, 18.5 mg (93%). The identity and purity + (0.1596°)2 4+ 26.435%), whereP = (F2 + 2F2)/3. The
of 5b was established by IR and NMR spectroscépy. final residuals forsb were R = 0.065 andR, = 0.185 with

A similar conversion obb’ to 5b was carried out in refluxing ~ GOF = 1.021. The two highest peaks in the final difference
dichloromethane with a reaction time of 24 h. The spectroscopic Fourier map were 4.27 and 3.93 é/AThey were located at
properties of this product indicated that, like the room- distances in the range 1.26.81 A from the Re atoms and
temperature reaction, the conversiorbbfto 5b was essentially ~ 2.00-2.27 A from the bridging Br atoms. These features may
complete. have their origin in the presence of an additional minor disorder

D. Attempted Conversion of 5b to 5b. A sample of5b in the structure which we were not able to model satisfactorily.
(100 mg) was dissolved in 30 mL of GBI, and the resulting Nonetheless, these undesirable aspects of the structure deter-
solution was stirred at 28C for 24 h. The solvent was removed mination do not in any significant way affect the key structural
by the use of a rotary evaporator, and the residue was washedesults and conclusions.
with diethyl ether (3x 5 mL) and dried under vacuum. It was The structure of was also solved by a combination of direct
shown to be unreacteb. When this sample was redissolved method (DIRDIF92)° and difference Fourier analyses. As with
in dichloromethane and the solution refluxed for 24 h, unreacted the structure o5b, there is also a disorder between the terminal
5b could again be recovered quantitatively. A similar observa- CO and the Br ligands (about Re(2)), but in this case, a disorder
tion was made when 1,2-dichloroethane was used as the solventmodel involving fractional CO and Br occupancies for each

X-ray Crystallography. Single crystals obb and7 were site was refined satisfactorily to 0.707(6) C0O/0.293(6) Br for
grown at 25°C from solutions in CHCl/i-Pr,O and CHCI/ one site and 0.293(6) C0O/0.707(6) Br for the other. All non-
CH3CH,C(O)OCH;, respectively, by slow evaporation of the hydrogen atoms except for those of the minor component of
solvents. The data collections were performed on an Enraf- the disordered CO ligand, C(2) and O(2), were refined aniso-
Nonius CAD4 computer-controlled diffractometer with graphite- tropically; C(2) and O(2) were refined with isotropic thermal

monochromatized Mo K radiation at 203t 1 K. The cell parameters. During the final stage of this analysis, a@H
constants were based on 25 reflections obtained randomly insolvent molecule from the crystallization solvent was found to
the range of 11< 6 < 21° for Sh and 19< 6 < 25° for 7, as be cocrystallized witly in the asymmetric unit. Atoms of this

measured by the computer-controlled diagonal slit method of solvent molecule were located from the difference Fourier
centering. Three standard reflections were measured after everyanalyses and satisfactorily refined with anisotropic thermal
5000 s of beam time during the data collection to monitor the parameters. A badly disordered ethyl acetate molecule of
stability of the crystals. The intensities of these standard uncertain multiplicity was also found in the asymmetric unit.
reflections remained constant within experimental error through- This solvent molecule was included in the refinement by using
out the data collections. Calculations were performed on an the SQUEEZE techniqu¥. The structure was refined in full-
AlphaServer 2100 computer by use of the Enraf-Nonius matrix least squares where the function minimized Jes|Fo|2
structure determination package (MolENpr structure solving — |F¢/d?2 and the weighting factaw is defined asv = 1/[04(F¢?)
and SHELXL-932 for refinements. Lorentz and polarization + (0.0768)2 + 4.1358], where P = (F,2 + 2F2)/3. The
corrections were applied to the data sets. An empirical final residuals fof7 wereR = 0.040 andR, = 0.112 with GOF
absorption correction was also appl€dut no corrections for = 1.099. The largest remaining peak in the final difference
extinction were made. Fourier map was 1.14 efA

Both compound$b and7 crystallized in a triclinic crystal

system. The space groll was assumed for both and was (14) Cromer, D. T.International Tables for X-ray Crystallography
Kynoch: Birmingham, U.K., 1974; Vol. IV Table 2.3.1, Table 2.2B.

(11) Fair, C. K.MolEN Structure Determination Systgrmelft Instru- (15) Beurskens, P. T.; Admirall, G.; Beurskens, G.; Bosman, W. P.; Garcia-
ments: Delft, The Netherlands, 1990. Granda, S.; Gould, R. O.; Smits, M. M.; Smykalla, The DIRDIF

(12) Sheldrick, G. M. SHELXL-93.A Program for Crystal Structure 92 Program SystepTechnical Report; Crystallography Laboratory,
RefinementUniversity of Gdtingen, Gatingen, Germany, 1993. University of Nijmegen, The Netherlands, 1992.

(13) Walker, N.; Stuart, DActa Crystallogr., Sect. A983 39, 158. (16) Sluis, P. V. D.; Spek, A. LActa Crystallogr.199Q A46, 194.
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Table 1. Crystallographic Data for the Dirhenium Complexes
[Rex(u-Br)2(u-dppm)iBr(CO)(CNXyl),]PFs-2CH,Cl,, 5b, and
Rex(u-Br)a(u-dppm}Br(CO)(CNXyl)»CH:Cly, 7

5b 7
empirical REQBI’3C|4P5FGON2C71H56 RGQBI’3C|2P4ON2C70H64
formula
fw 1986.13 1756.23
space group  P1(No. 2) P1 (No. 2)
a, 13.800(5) 13.330(4)
b, A 16.927(8) 16.226(3)
c, A 17.556(5) 16.327(6)
o, deg 87.05(7) 99.29(2)
S, deg 77.56(6) 90.66(3)
y, deg 69.67(7) 91.59(2)
vV, A3 3753(7) 3483(3)
Z 2 2
Pealca glCn® 1.757 1.674
u, mm? 5.153 5.434
radiation ¢, A) Mo Ko (0.710 73) Mo Kux (0.710 73)
trans factors,  0.54/0.91 0.64/0.88
min/max
temp, K 203 203
R(Fo) 0.065 0.040
Ru(Fed) 0.185 0.112
GOF 1.021 1.099

Table 2. Comparison of Selected Bond Distances and Bond
Angles for [Re(u-Br)(u-dppm}Br(CO)(CNXyl),]PFs2CH.Cl,, 5b,
and Re(u-Br)(u-dppm}Br(CO)(CNXyl)>CH.Cl,, 72

5b 7
Distances (A)
Re(1)-Re(2) 3.028(2) Re(1¥Re(2) 3.8023(10)
Re(2)-Br(3B) 2.562(6) Re(1yBr(1) 2.509(2)
Re(2)-Br(1) 2.556(2) Re(1yBr(2) 2.6184(11)
Re(2)-Br(2) 2.553(3) Re(1)Br(3) 2.5813(9)
Re(2)-C(3A) 1.89(4)  Re(1}C(1) 1.838(14)
Re(2)-P(2) 2.452(5) Re(BP(1) 2.444(2)
Re(2)-P(4) 2.439(5) Re(BP(3) 2.451(2)
Re(1)-Br(1) 2.599(3) Re(2)Br(2) 2.6289(9)
Re(1)-Br(2) 2.604(3) Re(2}Br(3) 2.6560(11)
Re(1)-C(20) 2.002)  Re(2)C(10) 1.929(7)
Re(1)-C(10) 2.02(2)  Re(2)C(20) 1.931(7)
Re(1)-P(1) 2.438(5) Re(2P(2) 2.407(2)
Re(1)-P(3) 2.437(5) Re(2)P(4) 2.387(2)
Angles (deg)
P(2)-Re(2)-P(4) 178.75(4) P(BRe(1)-P(3)  166.02(5)
C(3A)-Re(2)-Br(3B) 78.6(10) C(1}Re(1r-Br(1) 91.9(4)
C(3A)-Re(2)-Br(2)  84.5(10) C(1}Re(1)-Br(3) 97.7(4)
Br(3B)-Re(2)-Br(1) 88.9(2)  Br(1}Re(1)-Br(2) 82.81(4)
Br(2)~Re(2)-Br(1)  109.50(9) Br(3}Re(1)-Br(2) 87.75(3)
P(1)-Re(1)-P(3) 178.78(14) P(2)Re(2)-P(4)  168.58(5)
C(20)-Re(1)-C(10) 89.2(7)  C(10}Re(2)-C(20) 90.1(3)
C(10)-Re(1)-Br(1) 82.1(5)  C(20}Re(2r-Br(2) 94.7(2)
C(20)-Re(1)-Br(2) 82.3(5)  C(10}Re(2)-Br(3) 89.1(2)
Br(1)-Re(1)-Br(2)  106.58(9) Br(2)-Re(2)-Br(3) 85.99(3)
Re(2-Br(1)-Re(l) 71.9509) Re(BBr(2)—Re(2) 92.87(3)
Re(2)-Br(2)~Re(1) 71.91(9) Re(HBr(3)-Re(2) 93.09(3)
O(3A)-C(3A)-Re(2) 165(4)  O(1}C(1)-Re(l) 178.6(13)

N(20)-C(20)-Re(1)
N(10)—C(10)-Re(1)

176.6(14)
176.0(15)

N(16)C(10)-Re(2) 179.0(6)
N(20)C(20)-Re(2) 174.7(7)

Notes

Figure 1. Structure of the isomeric form of the [Kg-Br)-(«-dppm}-
Br(CO)(CNXyl),]* cation in which the [Rgu-dppm}] unit has a boat
conformation (taken from ref 6).

O3SCHR, PK;) had been complicated by the realization that they
occur as mixtures of two species (isomers?) possessing very
similar spectroscopic properties and essentially identical elec-
trochemical properties. While this behavior was independent
of the anion (@SCRK~ or PR™), the ratio of components of
these mixtures depended on the synthetic strategy that wa$ used.
In our previous repoit,we described the successful separation
and structural characterization of one of the components of the
mixture, i.e., that of the di-bromo bridge complex shown in
Figure 1, which contains a weak R&e single bond and a boat

. ] :
(tub) conformation for the PCi#PReRePCEP unit. From a

L1
combination of chemical reactivity studies and the further use
of X—ray crystallography, we have now identified the other
component in these mixtures to be the isomer in which the-[Re
(u-dppm}] unit possesses a chair, rather than boat, conforma-
tion. In subsequent discussions of pReBr) (u-dppm)Br-
(CO)(CNXyl)]Y, the chair and boat isomers will be labelgd
and5', respectively, whilea andb will signify the triflate and
hexafluorophosphate salts, respectivély.

In the case obaand5b, whose structures were not originally
determined, we have now been able to obtain the pure triflate
salt5a in sufficient quantities to enable us to convert it to its
neutral reduced congener &e Br),(u-dppm}Br(CO)(CNXyl),,

7, through the use of cobaltocene as the reducing agent. This
reductant accessed the one-electron reduction that is character-
ized by the couple aEj, = +0.11 V vs Ag/AgCI® The
paramagnetic compound showed very broad and poorly

a Comparisons are made between corresponding parameters in thelefined resonances in itsl NMR spectrum (recorded in CDg)
two structures as represented by the labeling schemes in Figures 2 andbetweerny ~+15 andd ~+1, while a solution in CDGlhad a
3. Numbers in parentheses are estimated standard deviations in the leaghagnetic moment of 1.5 0.2 g, as determined by the Evans

significant digits.

The crystallographic data f&b and7 are given in Table 1,
while important intramolecular bond lengths and angle$for
and7 are given in Table 2.

Results and Discussion

An earlier stud§ of di-u-bromo-bridged dirhenium complexes
of the type [Re(u-Br)z(u-dppmiBr(CO)(CNXyl)]Y (Y =

method!® Like its cationic precursoba, the IR spectrum of
(recorded as a Nujol mull) showed the presence of terminal
XyINC and CO ligands, withv(CN) at 2050, 2012, and 1919
cm~andy(CO) at 1858 cm!. A comparison of the IR spectra
of baand7 shows the expected shift of th€ CN) andv(CO)

(17) In an earlier repoitwe used the labelda (chair)4d (boat) for Y =
03SCFR; and4b(chair)4b'(boat) for Y = PFs.
(18) Evans, D. FJ. Chem. Socl959 2003.



Figure 2. ORTEP?® representation of the structure of the dirhenium
cation [Re(u-Br) (u-dppm}Br(CO)(CNXyl)]* as present ibb, show-

ing half the disorder involving the terminal CO and Br ligands. The
thermal ellipsoids are drawn at the 50% probability level except for

the phenyl group atoms of the dppm ligands and the xylyl group atoms

of the XyINC ligand, which are circles of arbitrary radius.

Inorganic Chemistry, Vol. 37, No. 12, 1998125

Figure 3. ORTEP?® representation of the structure of the dirhenium
complex Re(u-Br),(u-dppm}Br(CO)(CNXyl),, 7, showing half the
disorder involving the terminal CO and Br ligands. The thermal

modes to lower frequences as the oxidation state of the dimetalg|lipsoids are drawn at the 50% probability level except for the pheny!

core is reduced, in accord with increased Re*(CNXyl) and
m*(CO) back-bonding in7.

The oxidation of7 to the hexafluorophosphate sl by the
use of [(>-CsHs).Fe]PFs established the close structural rela-
tionship that must exist betweeba, 5b, and 7. This was
confirmed by the determination of the structuressbfand 7
by X-ray crystallography, which showed that both complexes
possess a chair conformation for thex@edppm) unit. Thus,
the aforementioned conversida — 7 — 5b proceeds with
retention of the chair conformation. ORTERepresentations
of the structure of the dirhenium cation presenbmand the
structure of7 are shown in Figures 2 and 3.

A comparison of the structural parameters of the dirhenium
cation present irbb (Table 2) with those reportédor the
corresponding cation in the structure 6b' reveals few
differences. The ReBr, Re—P, and Re-C (xylyl isocyanide)

group atoms of the dppm ligands and the xylyl group atoms of the
XyINC ligand, which are circles of arbitrary radius.

The large increase in ReRe distance that accompanies the
one-electron reduction of the safi& and5b to 7 (~0.8 A)
would be expected to reduce any strain within the(lRelppm}
unit and allow conversion to the most stable ring conformation.
Since no conformation change occurs, we conclude that the chair
conformation, as is already presenti@and5b, is more stable
than the boat conformation iBa and5b’. This is supported
by the observation that solutions 6b' in dichloromethane
convert slowly to the more thermodynamically stable isomer
5b (96 h at 22°C, 24 h at reflux) in essentially quantitative
yield.

Concluding Remarks

distances in these two structures are essentially identical. The The synthesis, separation, and structural characterization of

Re—Re single bond distances of 3.028(2) A &rand 3.0456(8)

A for 5b' are slightly different, presumably as a consequence

the isomers and5', which differ only in the conformation of

of the one major difference between these structures, namely, /82\ + /'52\ +
. —— | Phop” pPh, | Phos” PP, |
the conformation of the PCI#ReRePCLP fused ring system. XyINc | .Br| Br XyiNg | Br | Br
e I . ‘Re—Re 'Re—Re.

The shorter ReRe distance is associated with the more stable ARSERY N s Yco
chair conformation isomei5p). XyNppp pphzo X p PPh,

In comparing the structure &b with that of its one-electron- ‘ E' \%/
reduced congenéf, the parameters for the dirhenium species 2 2
are essentially the same, with the exception of those associated 5 5'

with the Re(u-Br), unit (Table 2) which are the result of
changes in the ReRe bond order. The ReRe bond distances
in the structures oBb and7 are 3.028(2) and 3.8023(10) A,

respectively. These distances, along with the magnetic proper-

ties of 5 (see ref 6) and, are consistent with the presence of
Re—Re bonds of order 1 and 0, respectively. Accordingly, the
one-electron reduction oba (and 5b) leads to the neutral
complex (CO)BrRea(-Br),(u-dppm}Re(CNXyl), 7, which can
best be considered formally as a charge separated R&gl)l)
species (17e18e) rather than one containing a-Ree bond

of order 0.5.

(19) Johnson, C. K. ORTEP II, Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.

the Re(u-dppm) unit (chair and boat, respectively), provide
the first such case in the field of dimetal chemistry with this
type of bridging ligand® 2?2 Based upon our current knowledge
of the structural chemistry of isomers of the PRe(u«-dppm})-
(CO)(CNXyl),] " cations (as summarized in Chart 1), it is clear
that this type of isomerization is encountered in species in which
the two sides of the molecule are very similar (a$)rso that
one conformer is not favored strongly over the other on the

(20) Puddephatt, R. £hem. Soc. Re 1983 99.

(21) Chaudret, B.; Delavaux, B.; Poilblanc, Roord. Chem. Re 1988
86, 191.

(22) Cotton, F. A.; Walton, R. AMultiple Bonds Between Metal Atoms
2nd ed.; Oxford University Press: Oxford, U.K., 1993.
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basis of steric factors. In the case of all other isomers that have Supporting Information Available: Tables giving details for the

so far been structurally characterizet-@), only the boat crystal data and data collection parameters, atomic positional param-
conformer has been identified. In the case of the symmetrical €ters, anisotropic thermal parameters, bond distances, bond angles and
edge-sharing bioctahedral complexReCl)x(u-dppm}Cls, the torsion angles fobb and7 (42 pages). Ordering information is given
expected chair conformation for the Re-dppm} is indeed ~ ©° @ current masthead page.

found to be preseri 1C971483J
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